Abstract: This paper concems a new measuring technique for continuous weighing by a multi-stage conveyor belt scale to realize much higher speed of operation and highly accurate weighing. A new algorithm used for the scale is proposed so that the total mass of the product can he estimated by the summation of outputs from the load-cells.
Introduction
The automatic weighing of packages in motion is coming to assume greater importance". In the weighing ofpackages, the sequence of products is generally completely random. Long, short, heavy and light products are passed over the conveyor belt scale in any kind of random sequence. In this paper, an interesting possibility of raising throughput of the conveyor line without increasing the conveyor belt speed is offered by the use of two or three conveyor belt scale (called a multi-stage conveyor belt scale) that are arranged in the line in direct sequence to each other. Through the new measuring technique, a weighmg scale can be mated which will adjust the conveyor belt length to the product length.
Signal processing technique is the key to achieve the accurate measurement since the output signals from the belt conveyor scale are always contaminated with noises due to the characteristic vibrations of the conveyor and the products in cardboard box". When the length of the product passing over the conveyor is less than that of the belt conveyor scale, we proposed a new signal processing method using a simple filtering technique to estimate the masses of the products in motion". The measured signal was smoothed through the FIR filter and the second stage low pass filter. Finally, the estimate of mass has been easily obtained as the maximum value evaluated from the sampled data of the smoothed signal. The experimental results suggested that the filtering technique was effective enough to practical applications. However, the continuous weighing of packages in different sizes transported on belt conveyon cannot be achieved with high accuracy. Thus, the multistage conveyor belt scale is needed to realize high-speed and high-accuracy measurement.
In the present paper, we propose a new algorithm used for the multi-stage conveyor belt scale so that the total mass of the product can be calculated by the summation of outputs from the load-cells. Our interest is directed to a certain method to estimate the masses of products in different lengths using the multi-stage conveyor belt scale.
Basic Configuration

Measurement system
The fundamental configuration of the multi-stage conveyor belt scale may be represented schematically as shown in Fig. 1 . The load receiving element is a belt conveyor supported by a load-cell at the edge of the frame. A photo-electric switch is arranged to detect the passage of the product at the inlet side of the belt conveyor. The product lengths and the distance between products in sequence can he measured. This multi-stage conveyor belt scale consists of the belt conveyor with load cells and the photo-switches, and the control unit with a weight indicator and a mounting frame.
The gravitational force acting on the conveyor belt is detected by the load-cell and converted into electric voltage. The detected signal is sent into a FIR digital filter through a DC amplifier. The mass of the product can he estimated as the maximum value evaluated from the smoothed signal. 
Dynamic model of multi-stage conveyor belt scale
If we consider only the up-and-down motion of the multi-stage conveyer belt scale, we may apply two springmass models to this system as shown in Fig. 2" . The equations of motion are then given by: ( Mi=rlO [kgl, Mz=4O[kgl, M1=64[kgl) Next, to verify whether the dynamic model given by Eq. The simulation result is shown in Fig. 3 . It can be seen that the response becomes rapidly vibrating due to no damping The actual experimental result under the same condition is also shown in Fig. 4 . It is clear from Fig. 3 and 4 that Eq. ( I ) is found to be close to the actual weighing system. It is assumed that the impact force due to a little difference in level between the back and forth conveyors presents no particular effect. 
Geometrical condition for measurability
In case of /,<L, and pL;, the hypothetical time changes of loading input (or the mass-profiles) can be shown in Fig.   5 and 6, respectively. For the possibility of measuring the mass (or the measurability), the following inequality condition can he obtained geometrically, di-l+/i>L
where L: the total length of the multi-stage conveyor,
L=L3
L=LI+L2
L=LI+L2+L3 for the three-stage conveyor belt scale, I;: the length of the i-th product d,: the interval between the products in sequence.
Inequality (2) means that the distance from the front end of one product to the front end of the next product must he at least one conveyor belt length. In. (2) is not satisfied, it can be judged that the mass of the product cannot be 
Simulations
Design of FIR filter
There are typically two kinds of digital filters, a Finiteduration Impulse Response (FIR) type and an Infiniteduration Impulse Response (IIR) type. The FIR filter is called a convolution filter, and the present output is calculated by only the input data. The IIR filter is called a feedback filter, and the present outputs are calculated by feeding back the past outputs. Though the IIR filter is suitable for making the filter with a steep interception characteristic, the transients will continue too long because past outputs are fedback. Therefore, the IIR filter is not suitable for a high-speed continuous mass measurements. The design method of the FIR filter is shown in reference". In this study, the FIR filter can be desimed under that the passband is q= 0.002, the stopband is a= 0.05 and the order of it is M=42.
The measured signal is smoothed through the FIR filter (down-sampling period T=4[ms]) and first-order low pass filter (cut-off frequency 80 [Hz] 
A single-stage conveyor belt scale
To investigate the accuracy for the single-stage conveyor belt scale, the following conditions for the simulations are considered:
A combined set for three products in sequence passes over the conveyor belt scale under the condition that lj, mi and d, are the exactly same. ( 2 ) cannot be satisfied, the estimation errors are excluded in Fig. 1 because the maximum value cannot be found. As can be seen from Fig. 1 , it can be concluded in the following, 1)The mass of the product has no effect on the estimation errors.
2)The estimation error is sharply increasing with the length of the product on the minus side. This is due to the fact that the staying time of the product on the scale is decreasing with the length.
In what follows, the two-stage conveyor belt scale will be
3) The accuracy 0.7% can be achieved when 1540cm.
needed for the case that It40cm.
A two-stage conveyor belt scale
The following conditions for the simulations on the twom,=20-8OFg], (at 20kg step), l,45-80[cm] (at 5cm step),
stage conveyor belt scale are considered: Fig. 8 shows the distributions of estimation errors of with respect to 1.. As can be seen from Fig. 8 , it can be concluded in the following, I)The mass mi of the product has no effect on the estima-
2)The accuracy 0.7% can be achieved when 45 51s 60cm. tion errors. it can be concluded in the following, I ) T k mass mi of the product has no effect on the estimation errors.
2)The accuracy 0.7% can be achieved when 1,s 125cm. But in case that 6 5 < / , 5 IOOcm, the estimation error is caused on the plus side. Now, let us consider why the results due to the threestage belt conveyor scale are worse than those due to the single and two-stage scales. The reason lies in the difference of the time behaviors of the measuring process in case that I < 100cm. Since the response curve has two-peak values due to the transient phenomena, it is difficult to find the maximum value on the smoothed signal. Thus, it is reathree-stage conveyor belt scale are considered gives reasonable result when I, is shorter than 100cm. This estimation is hardly exact but it may be good enough to make the conveyor scale worthwhile in practical situations.
Experiments
Experimental results
To investigate the accuracy for the multi-stage conveyor belt scale, the following conditions for the experiments are A combined set for three products in sequence passes over the conveyor belt scale under the condition that /,, mi and d, are the exactly same. The number of measurements for a combined set is 3 times, and the data for each mass measured are 9 points. Fig. 12-14(a) and (b) show the distributions of estimation errors with respect to 6. The cmcial parts of the distributions which satisfy E of less than 1% shown in Fig.l2-14(a) are magnified to the regions of (b). The mean values of E obtained in each cases are marked with double circles. Table 1 summarizes mean estimation errors and standard deviations of &obtained by the experiments.
As can be seen from these figures, it can be concluded in the following, (1)The mean values of E of less than 0.7% can he achieved (2) The dispersion of &decreases slightly with the length of the products I,. 
Problems on Measurement
As discussed in 4.1, the estimation errors obtained by the experiments are slightly worse than those by the simulations. It is clear that snme experimental results do not satis& the accuracy requirement (of 0.7%) at present. However, it does not necessarily imply that the multi-stage conveyor belt scale is unworkable. Given a set of favorable measuring conditions it may work well and may offer considerable automation benefits.
There still remains a problem on the methodology for weighing. To illustrate an example of crucial problems, a combined set for three products in sequence passes over the conveyor belt scale under the condition that /,=100[cm], m,=SO [kg] , and d,=60 [cm] . Fig.15 shows the real time history of the output signals such as the first signal (LJ, the second signal (Lz), and the third signal (L,) as well as the added signal. The geometrical condition for measurability (given by In.(2)) is satistied, but it is clear that an exact determination of masses is impossible, because the cuves have several peak values like a winding path. The simplest cause of the crooked curves is that the base plate of the product is slightly curved or there exists a little difference in level between the back and forth conveyors. Thus, these geometric deviations do not make the weight distribute uniformly. It should be noted that the uniformly distributed weight is not of essential importance to ensure a high degree of measuring precision, Next, Fig.16 shows the real time history of the output signals for only one product under the same conditions as shown in Fig. 15 . It can be seen that the maximum value of the added signal indicates roughly the mass ofthe product (SOkg). However, this response curve is not the smoothed trapezoidal wave as shown in Fig. 11 , but the curve sweeps for and wide. This shape expresses that the weight cannot be a uniformly distributed load. Thus, when the next product moves onto the conveyor belt scale before the current product to be weighed has moved off the belt, the added signal can be contaminated by the output signals of the next product and several peak values can be found on the added signal. Accordingly, the continuous weighing in case of the three-stage conveyor belt scale requires generally a product spacing of the total length of the belt scale. This means that the length of one product (I,) must he at least that of the belt 
CONCLUSIONS
In this paper, we firstly explained the continuous weighing using the multi-stage conveyor belt x a l e and described the key idea to achieve the accurate measurement.
We reported on the simulation results for the weighing system based on the dynamic model. Using the actual multi-stage conveyor belt scale, we also camed out the experiments. Some experimental results have been slightly worse than those by simulations. Although there still remains further engineering problems to be considered for practical applications, the estimation of mass could be determined successfully thorough the algorithm proposed here, in principle.
To sum up the major points of our work are as follows:
1. The measurement method is established for the multistage conveyor belt scale intrcducing the dynamic model of the product. 2. Since it is ohvious that the lengths of the products in motion directly affect the estimation errors, a glance at Fig. 9 will reveal that the upper limit of the product is approximately 125cm. 3. The experimental results show that the accurate measurement is possibly improved by more technical considerations.
The work repofled here is being continued to validate several conclusions obtained by further considerations.
